In this article, we studied the vibrational effects of a viscoelastic micro-scale beam induced by sinusoidal pulse heating based on Euler-Bernoulli beam theory. The formulation of the present problem is applied to the generalized thermoelasticity with phase lags. The deflection, temperature, axial displacement, and bending moment of the micro-scale beam are determined by using the Laplace transform method. The system of governing equations is reduced to a novel six-order thermoelastic differential equation in either deflection or temperature. The numerical results in case of silicon material are presented with the help of Mathematica programming software. Some plots are illustrated to investigate the effects of the phase-lags and the width of the sinusoidal pulse parameters. The effect of the viscosity on the micro-scale beam resonator is also investigated.
INTRODUCTION
The linear viscoelasticity remains an important area of research since most of the solids and polymer-like materials are subjected to a dynamic loading exhibit viscous effect. The stress-strain law for many materials, such as polycrystalline metals and high polymers, can be approximated by the linear viscoelasticity theory. In using different generalized thermoelasticity theories, many authors have considered various linear thermoviscoelastic problems. [1] [2] [3] [4] [5] [6] [7] [8] [9] The classical coupled theory of thermoelasticity is based on a parabolic type of heat conduction equation while the generalized thermoelasticity theory was postulated by Lord and Shulman 10 as well as Green and Lindsay, 11 who used a hyperbolic type of heat conduction equation admitting finite speed for thermal disturbances. The theory developed by Lord and Shulman 10 takes into account only one parameter of relaxation time and has been extended by Dhaliwal and Sherief 12 in anisotropic media. Another generalization to the theory of thermoelasticity is the dual-phase-lag (DPL) model, which is proposed by Tzou. 13, 14 Laser ultrasound is another innovation; it uses a laser to produce and test ultrasound. [15] [16] [17] [18] [19] [20] [21] It is another branch of ultrasound and includes optics, acoustics, calorifics, electrics, material, physics and so on. Laser ultrasound has numerous points of interest. For example, it is noncontact, nondestructive, quick, precise, and requires minimal effort. In this way, it is typically utilized to distinguish and portray absconds as a part of aviation materials or an aerocraft. Thermally prompted vibration of bars has practical significance in space vehicles, reactor vessels, turbines, and other machine parts are subjected to variable warming. Extremely fast thermal procedures, under the activity of a ultra-short laser heartbeat, are intriguing from the outlook of thermoelasticity, since they require an examination of the coupled temperature and strain fields. This implies the absorption of the laser beat energy results in a limited temperature expand, which thusly causes thermal expansion and creates fast movements in the structure components, in this manner bringing about the ascent of vibrations.
Micro-scale mechanical resonators have high affectability as well as a fast response and are widely used as sensors and modulators. Micro-and nano-mechanical resonators have recently pulled in impressive consideration due to their many significant industrial applications. Perfect analysis of many effects on the features of resonators, such as resonant frequencies and quality influences, is crucial for designing high-performance components. Many authors have considered the vibration and heat exchange procedure of micro-scale beams. [22] [23] [24] [25] [26] [27] [28] The objective of the present work is to determine the components of displacements, stress, temperature, and strain distributions in an isotropic homogeneous thermoviscoelastic thin beam subjected to sinusoidal pulse heating. [29] [30] [31] The problem is solved in context of the theory of generalized thermoviscoelastic with phase lags. An exact solution of the problem is first obtained in Laplace transform space. The inversions of Laplace transforms have been carried out numerically. Numerical results predict finite speeds of propagation for thermoelastic and diffusive waves. To investigate the viscosity and phase lags effects, a comparison is made with the results obtained in the thermoelastic problem. Finally, in taking an appropriate material, the results are presented in a graphical form to
